Nature of the intensification of a cyclotron resonance in potassium in a normal 
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The cyclotron-resonance peak which has been observed [G. A. Baraff et at, Phys. Rev. Lett. 22, 
590 (1969) ] in potassium in a magnetic field directed perpendicular to the surface may be due to 
an effect of zero- curvature points of the Fermi surface on the cyclotron orbit of effective electrons. 

PACS numbers: 71.18.+y, 71.20-b, 72.55+s 



Recent experimental data 0, have altered the pic- 
ture of the Fermi suface of potassium as a closed, nearly 
spherical surface. That picture had been drawn on the 
basis of an analysis of dc Haas-van Alphen oscillations 
0. Coulter and Datars Q have observed open orbits 
for several directions of the magnetic field. Jensen and 
Plummer have discussed photoemission data which 
imply the existence of small energy gaps in potassium, 
as in sodium. According to the explanation offered for 
these results 0, 0, @ , there are charge density waves in 
the ground state of the conduction electrons in potas- 
sium. These waves lead to discontinuities of spherical 
Fermi surface at several planes. 

The observed distortions of the Fermi sphere should 
be accompanied by the occurrence of transitions from a 
positive curvature to a negative curvature, i.e., by the 
presence of points or lines of zero curvature. Such points 
or lines will lead to characteristic effects in the disper- 
sion and absorption of short-wave sound 0, Q- They 
should also affect the frequency dependence of the sur- 
face impedance and the cyclotron resonance in a normal 
field [9j- It is thus necessary to reexamine the explana- 
tion offered for the experimental results of Ref. 1, where 
a cyclotron-resonance peak was observed in a potassium 
plate in a normal field. The theory for a resonance of this 
sort, which is based on the assumption that the Fermi 
surface is spherical [loj . explains neither the compara- 
tively large amplitude of the peak nor its shape. It can 
now be suggested that an intensification of the resonance 
occurs because zero-curvature points fall on the cyclotron 
orbit of the effective electrons, as predicted in Ref. [t| . 
In offering an explanation for the intensification of the 
resonance, Lacueva and Overhauser assumed that 
this resonance stems from a small part of the Fermi sur- 
face, with the shape of a right cylinder, which has been 
split off by a gap. However, the assumption that there 
exists a finite, strictly cylindrical part of the Fermi sur- 
face, with the same cyclotron frequency as on a sphere, 
is not justified. Furthermore, a resonance would occur in 
that model only if the magnetic field were oriented along 
the axis of the cylinder. This point makes it difficult to 
explain the experimental data obtained with a polycrys- 
talline sample. There is a stronger case for regarding the 
amplification of the resonance as resulting from a local 



vanishing of the curvature along the basic part of the 
Fermi surface. Since there are many gaps, the points of 
zero curvature are distributed quite widely and fall on 
the cyclotron orbit of the effective electrons over consid- 
erable intervals of the field orientation. There will then 
be a marked increase in the effective mass corresponding 
to motion away from the boundary and thus in the time 
spent by electrons in the skin layer; the effect will be to 
intensify the resonance. The deviations from a spherical 
shape of the Fermi surface are, on the whole, small and 
do not substantially change the cyclotron frequency. The 
observed cyclotron-resonance peak can be described on 
the basis of arguments of this sort. 

In calculating the conductivity a for a resonant cir- 
cular polarization of an alternating field of frequency uj 
under conditions corresponding to the anomalous skin ef- 
fect, the deviations of the Fermi surface from a spherical 
shape are important only for the component of the elec- 
tron velocity which runs normal to the boundary, v z . We 
can accordingly write the conductivity in a normal field 
as follows 0j: 
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# / dp z — 77 w — 2-Pf(1+s), 

where m and v±(p z ) are the cyclotron mass and trans- 
verse velocity component on a spherical Fermi surface; 
w = (lo — f2 + if) i 'q; £1 is the cyclotron frequency; v 
is the collision frequency; and q is a wave vector. The 
integration in (1) is carried out over the momentum pro- 
jection p z and over the angle ip = Sit (t is the time of 
motion along the orbit) . The asymptotic behavior of the 
integral is calculated in the limit w — > 0. For a spheri- 
cal Fermi surface, v z is independent of tp, and we have 
s = 0. The quantity s describes the contribution of a 
point of zero curvature if it corresponds to effective elec- 
trons with v z {p z ,ij)) = 0. The minimum of the function 
VziPzii^) under the conditions p z — p Z Q and if> = iJjq 
would be one possibility for a point of this type. Near it, 
for small values of p z — p z o , ip — ipo , we can write 

v z (p z ,ip) = a(p z -p zQ ) 2 + 2b(p z -p z o)(ip - -00 ) 
+ c(V>- ipo) 2 ; a > 0; 

ac-b 2 > 0. (2) 
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FIG. 1: Curve 1 is relative magnitude of the real part of the 
impedance versus the magnetic field (the ratio fl/co — H/H r ) 
near the resonance found in the experiments by Baraff et al 
0; curve 2 is plot of expression (4) with 7 2 = 2 x 10~ 4 and 
■q — 0.03. The origin of the scale for the measured values 
of R(H) / R(0) , which was not determined experimetally, has 
been chosen in a way different from that in the figure in Ref. 
- in such a way that the resonant values are identical for 
curves 1 and 2. The cyclotron frequency Q has been de- 
termined for a resonance in a field parallel to the boundary. 
A possible explanation for the slight difference between the 
positions of the peaks on curves 1 and 2 is that the effec- 
tive electrons have a slightly shifted resonant frequency in a 
normal field. 



The corresponding value of s is 



a positive, asymmetric, resonance peak with an abrupt 
low-field cutoff and a slow decay with distance from the 
point of the resonance. The peak observed in Ref. 
has specifically this qualitative shape. A particularly im- 
portant point is that the height of the peak, which is 
not explained in the model of a spherical Fermi surface, 
can be reconciled with (4) at a plausible value of r\ . The 
scale of the variations and the height of the peak near 
the resonance (|A| < 0.1) are close to those observed at 
values of rj and 7 on the order of 10 _1 H-10~ 2 (Fig. 1). 

A resonance may also be caused by the appearance 
of zero-curvature points of other types. For example, 
a narrower peak arises in the case in which we have 
ac~ b 2 — > in Eq. (2). Simulating the function v z (p z ,t/j) 
by the functional dependence v z (p z , ip) = a [Pz — Pzo(ip)] 2 
over a small but nonzero interval of ip for this case, we 
find s — r)yf wq/uu. The A -dependence factor in the 
term proportional to —77 in Eq. (4) takes the form 
Re{l/VA + 27 } + (2 + y3)Im{l/VA + i 7 }. 

Expression (4) was derived without allowance for the 
Fermi-liquid interaction or the surface scattering of elec- 
trons. These factors may influence the position and in- 
tensity of the resonance peak, so this peak may shift 
slightly and change in shape when these factors are taken 
into consideration. However, the basic result will remain 
in force. A cyclotron resonance is amplified in a normal 
field because of the existence of zero-curvature points. 

Acknowledgments: NAZ thanks G. M. Zimbovsky for 
help with the manuscript. 



rj(ir — ilnwo/w), 



(3) 



where the parameters 77 and wq characterize the prop- 
erties of the Fermi surface near the point of zero cur- 
vature. In particular, 77 is, in order of magnitude, the 
relative size of the region in which dependence (2) holds. 
Since the distortions of the Fermi sphere are small, we 
have 77 <C 1; in calculating the surface impedance from 
(l)-(3) we can therefore expand it in powers of 77. The 
resonant increment in which we are interested turns out 
to be small, in accordance with the experimental results 
of Ref. PJ. We write, in the linear approximation in 77, 
the result calculated for the ratio of the real part of the 
impedance in a magnetic field, R(H) to that without 
the field, R(0) (this ratio was measured in Ref. Q): 



R(H) 
JZ(0) 



= 1-2 



Vs\n y/ A 2 + 7 2 +signA arctan 



^A 2 + 7 2 
(4) 

where A = 1 — H/H r , H r is the resonant value of 
the field, and 7 = u/ui <C 1. Expression (4) describes 
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